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Deecrlptlon 
SPECIFICATION 
S TECHNICAL FIELD: 

[QX1] The presant invention relates to a process tor preparing an teobutfina polymor Mora partJcularCy. the present 
invention relates lo an advantag^oue process for preparing an iaobutena polymer having funeilonal groupe at the 
tarminals in iha prasenca of an iniuator. 
TO [0002] The polymar prepansd by the procass djGClo&ad hare In exhibits exceDenl wealhsrlng reslstancd and gas bar> 
rlsr propanlas and good alactrlcaf insulating properties, and thus can be advantageously uaod aa a starting nnatarial 
of coaling agent, sealing agent, sealing compound for aleotronlc materia), etc. 

. TECHNICAL BACKGROUND: 

[0003] Among lelechallc polymare. I.e., polymers having functional groups at a plurality of terminals, polymers having 
vinyl groups at both terminals are useful aa starting materials of photostatting rosins, u|traviolet{LIV]^Liring resins, 
electron radlatlon-curlng resins, sealing compounds for eloctronics, adhesives, modifiers, coating materfals. sealing 
compound for building, etc. 

so [0004] A functional group-tamiinated polyrrier Clermlnal tunctbnal polymers), e.g.. isobutone polymor having a chlo* 
rine atom bonded lo a tertlaiy carbon at both tenmlnals has been known to be produced by an Inlfer process which 
comprises the cationic polymorizatlon of isobutone In the presence or 1 ,4-bi3(a-chlofolsGpropy|)ben2enQ (hereinafter, 
simply referred lo as 'p-OCC") us an InlUatorybhain transfer agent and boron trichloride as a catalyst (d. U.S. Patent 
4.276,394). 

SS [0005] Further, many reports have been made by Kennedy et al.. that whan the foregoing cationic polymeri2B(ion 
reaction Is etfecied In a solvent containing a hatogenatod hydrocarbon (e.g., methyl chloride, methylene chloride) In 
the prosoncQ of an electron donor, an isobutene polymer having a smad Mw/Mn value as dotorminad by GRC, I.e., 
unifomi motecular weight can be obtabied (Journal of Maeromolecular Science Chemistry. Aid (1), 25 (1982). Potymer 
Bullatin. 20, 413 (1988), Polymer Bultetin, 26, 305 (1991). JP-A-1-SiaOl4 (the term •JP-A' as used herein means an 
"unexamlnsd published Japanese patent apptication*)). 

[0006] The Inventors made esctenelve studies of process for the production ol an Isobutene polymer by the foregoing 
inlfer process on a commercial basis. In the couraa of the studies, the foRowing problems ware made cloar. 

( 1 ) Since the polymorizaition reaction is normally effected at low temperatures, th o solvent used exhibits a reduced 

39 dissolving power. Accordingly, when the monomer concentration Is Ihcreasad lo enhance the yield, the resulting 
polymer separates out. Thus, the moriomer concentrallon can hardly be enhanced. Referring to the process for 
the preparation of butyl rubber, otc., examples of the preparation process which comprises the procipitation of the 
resulting polymer have been reported. However, the precipitation of the polymer during the polymerization reaction 
must bfi avoided to reduce the molecular woighl distribution of the polymer. 

40 (2) The polymerizfllbn roeclion rale is high. Therefore, when the monomsr concentration is increased, the resulting 
heat generation during poiymerization maKos it difficuii to control the roacilon temperature, if the rlae In the reaction 
temperature is too great, undesirable side reactions such as pnston-inltlated reaction and chain transfer reaction 
occur, increasing the molecular weight distribution (Mw/l\/1n) of the polymer and making it difficult to control Iho 
terminal functbnal groups. This disadvantageously produces a mixture of polymers having the tottowing three 

4S terminal groups: 

Chlorine tanninal: -CHgC(CH3)2CI 
tsopropenyl terminal: -CH2C(CH3)><:H2 
Internal olefin terminal: -ChMCCCHsja 
^0 In particular. If p-QCC is used, the rise in the monomer concentration gives a problem of subsidiary pro- 

duction of a targe amount of an Indanyl group having the following structure: 
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(9) Besides the effects on the prapenias at tho polymer thus procfucad, Ihe probiBm ol toxicity caueed by the use 
of a halogenic solvent ariaea. Most haloganated hydrocarbons are highly toxic, htelogenaied hydrocarbons have 
recently drawn attention from the standpoint of onvironmontaj pollution. Thus, the exhaust of halogenatqd hydro- 
carbons out of ihe system Is now under aevdfd regulation. The use df a habgenatad hydrocarbon which has 
s heretofore been used in the potymerizatlon raactlon. such as mathyiana chloride and rnethyl ohlorida presanta 

problanruB of deactivation of the calalyat alter the polymerization reaction and disposal of waste water or waste 
solvent containing haloganated hydrocarbon generated at lha rinaing step, in order to satisfy tha regulation on 
exhaust, targe scale racUHies and high disposal cost are required. Tha regulation will lil;ely ba severer in the future, 
requiring further countern^asures. 

1Q 

[0007] It has been widely known thai when the temperature of tha poiymon'z£itlon reaction Is raised, carbocBtiona at 
the growth terminal become instable, causing sjda reactions such as chain transfer and pnxluction-of Indanyl group 
(J.R Kennedy, E. Marechal, Carbocattonic Polymerization, John Wiley 6^ Sone (1962)). 

[0008] The rise In the monomer concentration gives a greater rise In iha temperature of the polymerization reaction. 
« Therefore, the monomer concentration used in examples which have been reported is low and noimally not more than 
1 mo\/i (Polym. Bull., 21. 5 (1989). Polym. Bull.. 21. 125 (1999). Polym. &Jil, 21, 273 (19B9). Polym. Bull., 21. 293 
(1989). Polym. Bull.. 26. 305 (1991). Poiym. Bull., 29, 239 (1992)). 

[0009] However, from the industrial viewpoint, it has been iceeniy desired to raise the weight of polymer which can 
be produced per unit volume. 

so [001 0] Sinco carbocations as growth seeds must ba stable in the polymerization of ieobutene in a living cation systom. 
it has heretofore been considered preferred to effect tha reaction In a Qohrant having soma polarity at a terrvaeratura 
low enough to allow cations to be present in a relatively stable state. An Ieobutene polymer exhibits a low aoiubllity in 
a polar solvent such as mathyl chloride and methylene chloride at low temperatures. Thus, a hydrocartson solvent nnay 
be incorporated In the poiar solvent to increase the solubility of tho isohutana polymer In the polar solvent. However, 

ss a report was made that the use of a mixture of methyl chloride and haxane wherein the proportion of hexane Is not 
less than 40% causes chain transfer which appears In the form of two pealis on GPC chart (bimodat) (Polym. Bull., 
21 , 273 (1 9B9)). The phonomonon that two peaks appear on GPC chart demonstrates the rise In the molecular weight 
distribution and is thus undesirable. 

[0011J Funher. JP-A-3- 174403, JP-A-3'2B7BD5. and U.S. Patents 4.327,201 and 5.169,914 disclose that as a po- 
so lymerizatlon solvent there may be used an aliphatic organic solvent such as butane, pentana, haxane and heptane, 
aromatic organ ic solvent such as benzene, toiuend and xylene, nitro compound such as nitromathane and nitroalhane, 
haloganated organic sclvent or mixture iheraof without any rastrictlon so far aa Jl exerts no adverse effects on the 
polymerization activity of the initiator 

[0012] Howevor, the examples In these patents merely give examples of a mixture of methylene chloride and hexane 
S3 having a high polarity. Funher. the resulting ieobutene polymer contains a large number of indanyl groups as by-prod- 
ucts. Thus, daslrBble polymers cannot be obtained. Moreover, as described in the comparative examples of the present 
application, the pdynterlzation in the presence of hexane, which has a low polarity, produces an ieobutene polymer 
having a molecular weight distribution (Mw/Mn) aa extremely high as 7.02 and a large number of indanyl groups, it 
has thus been made clear that the foregoing polymerization process is not desirable. 
40 [0013] An object of the present-invention is to eolve the foregoing problems and thus provide a procees for the 
preparation of an induetriaily favorable Ieobutene polymer. 

DlSCLOSUflE OF THE INVENTION: 

4S [0014] The inventors found that the conventional problems can be solved by the use of a eoiveni having a epeclfled 
dielaclric constant. The inventors also found thai the use of such a solvent makes It possible to obtain the daslrod 
ieobutene polymer having a small n^lecular weight distribution without using the halogenated hydrocarbon which has 
haretolore been used. If no hatogenslBd hydrocarbons are used, there arises no problom of tho dischargo of halogon- 
aied hydrocarbons. This advantageously provides a drastic reduction of facilities and cost required for disposal of 

so waste water, making it possible to solve the foregoing problems (1) to (3) at once. However, whether or not euch a 
halogenated hydrocarbon is present has no specific effects on the proportios of the resulting polymer. Even if a solvent 
containing a halogenated hydrocarbon Is usedi when the content of halogenated hydrocarbon is reduced to lower the 
polarity of the eolvent, the foregoing problems (1) and (2) can be solved. 

[0015] The present invention reiataa to a process for preparing an isobulane polymer having functional groups at 
ss the tenminals at a temperature of from not lower than -1 00°C to not higher than 0*C from the following components as 
essential components: 

(A) a catlonically polymerizablo monomer containing Isobutene; 
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(B) an organic compound as an inlilator/chaln tranater ageni rapraaamed by formula (1): 

rM-c-x)„ (1) 

10 wherein X rapresenls a halogan aiom, an RO- group or an RCOO-group (in which R represents a monovalent 
organic group); represents a polyvalent aromatic group or a substituted or unsqbstitutad polyvalent aliphatic 
hydfocarbon group; Ri ar>d R2 may be the sama or difforant and each represent a hydrogen atom or a substituted 
or unsubstitutod monovalont hydrocarbon group, with the proviso that when la a polyvalent aliphatic hydrocarbon 
group, one o1 R^ and R^ Is not a hydrogen atom: and n represents an Integer of from 1 to 6: 

f£ (C) ar^ aprotic solvent trop of hajogenated hydrocarbon; and 

(D) a Lewie acid, excluding dialkyt aluminium chloride and dialky I boron chloride wherein the component (C) exhibits 
a dteiocirk: constant of from not toss than 2.0 to not morothan 4.0 at a temporature of 20*0. 

[001 q Fuahenmore, the Invention relatee to a process for preparing an Isobutane pofymor having functional groups 
20 at the terminals at a tomporatum of from not lower than -100*C to not higher than 0*C from the fol towing components 
as essential components: 

(A) a catlonically polymerl2ablB monomer containing isobutene; 

(B) an organic compound as an initiator/chain transfer agent roprosonted by tormula (1 ): 

SB 

30 i2 



Wherein X represents a halogen atom, an RO group or an RCOO-group (in which R represents a monovalent 
organic group); represents a polyvalont aromatic group or a substituted or unaubstttuted polyvalent aliphatic 
hydrocarbon group; and R^ may be the same or different and each represent a hydrogen atom or a substituted 
or uneubsiltuted monovalent hydrocarbon group, with the proviso that when R^ isa polyvalent allphatio hydrocarbon 
group, one of R^ and R^ Is not a hydrogen aton% and n represents an Integer of from 1 to 6; 
(C) an aprotic solvent containing halogenaled hydrocarbon: and 
■ (D) a Lewis acid, excluding dialkyi aJuminmm chlorlda and cSalkyI boron chloride wherein the component (C) exhibils 
40 a dielectric corielanl ol from not less Lhan 3.6 (o not rnore lhan 5.5 at a temperature of 20'*C. 

[001 7] The component (C] contains preferably an aromatic hydrocarbon. 

[0018] The component (C) le preferably a mixture ol an aromatic hydrocarbon and an aliphatic hydrocarbon. 
[0019] In a profon'od ombodimcnt tho component (C) exhibits a dielectric constant or from not less than 2.0 to not 
4S more than 2.5 at a temperature of 20*C. 

[0020] The aromatic hydroeart>on can be aalectfid from the group consisting of benzene, toluene, xylene and ethyl- 
benzene. 

[0021] The concentration of the component (A) In the system Is preferably from 5 to 40 wt%. 
[0022] The component (B) may be eeleeted from the group consfsting of p-dlcumyl chloride, m-djcumyl chloride, p- 
so dicumyl mothoxide, m-dicumyl meihoxidQ. l,3»5-tricumyl chloride and 1,3,5-lrioumyl methcotido. 
[0023] The component (D) may be boron triohtorfde or titanium tetraehlorldo. 

[0024] An electron donor may further be added ae a component (£} in addition to the components (A) to (D). 
[0025] The invention relatee also to a process for preparing an isobutene polymer having carbon-cartxsn double 
bonds at the terminals, which comprises adding an allyl trlmethylsltane In an amount ol from 0,5 to 1 .5 mo| per mol ol 
55 tho group X In the component (B) beforo ihe formailon ol an isobutono polymer terminated by functional groups as 
de$cribad above or before the deactivation of the component (D) Idtowing the formation of tho isobutane polymer 
[0026] The invention retalea also to a process for preparing an iaobulene polymer having carbon-carton double 
bonds at tho tormiriats, which comprises adding 1 .Q-dacadiono in an amount or from 1 .5 to 10.0 mol per mol or the 
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group X in tha ccmpondnt (B) before the formation of an ieobutene polymer terminated by functional groups a& described 
above or before Ihe dasclivalion of the comporant {D) lollowjnQ the formation of the iaobulena potymer. 
[0027] In the preeent inventbn. the number-average molecular weight (Mn) cl the i$obutene polymer Is ueually from 
soo to 300,000, praferebly from 1.000 to 50,000. If Mn Is emaller than 500, the axceiiant eharaetensttes inherent to 
« isobutane polymers are lost. On the contrary if Mn exceeds 300,000, the resulting polymer is solid, extremely deteri- 
orating lis workability. The numbar-avarage molecular weight (Mn) and l\^w/Mn value of the leobuiene polymer were 
determined by GPC using a polystyrene gel column (Shodex K-804. manufactured by Showa Dentco K.K.; mobile 
phase: chloroform) in polystyrene equivalonce. 

[0028] The teim 'cadonlcally polymerlzable monomer containing ieobutene' as used herein Is not limited to a mon- 
10 omer made only of iBobutene but is meant to Include a monomer the ieobutene component of which is substituted by 
a catlonicgliy polymerlzable monomer copolymerizable with isobutene in a proportion of not more than 50% by weight 
(hereinafter, sirripty referred to as 

[0028] Examples of the calionicaily polymerlzable. monomer copotymerlzabte with i^butene include olefins having 
3 to 12 carbon atoma, conjugated dlenee, vinyl ethers, aromatic vinyl compounds, norbomenas, and vinyl silanes, 
IS Preferred among these cationicady polymerizable monomers are olefins having 3 to 12 carbon atoms and aromatic 
vinyl compounds. 

[0030] Specific Bxampiee o( the cationlcaliy potymerlzabie monomer copolymerizable with Isobuteno usually include 
propone, 1-bufens, 2-butene, 2''mathy)«1 -butane, 3-methyi-1 "butane, pentene, hexena, cyclohexenei vinyl cyciohex^ 
ana, S-ethylidonenorbornene, S-propylidanonorbornenOp butadienoi isoprene, cyctopenladiene, methyl vinyl ethec; 
SQ ethyl vinyl ether, leobutyl vinyl ether, vinyl carbazole. methoxystyrene. ethoxystyrono, t*butaxystyrene, hexenyloxysty* 
rene, etyrene, a^mathylstyrene, mathylstyrane, dimathylstyrena^ chloramBlhylslyrenB,chloro8tyrene, Indene. ^inena. 
vinyltrichlorQailane. vinytmethyldiehbroellane. vInyldlmethyichlorosilanB, vlnyldimothyimothoxysiiane, vinyitrimethylsi- 
lane, dh/inyldfchlorositane, dlvinyldimotfioxysilane. divinyidimathylsilBne^ 1,3-divlnyl-1,l .d.d-lelramethylc^eiloxEine.triv- 
inylmethylsilane, r«T»athacryioyloxypropyiirimethoxy8iiane. and T-methacrytoyloxypropylmothyldimothoxysilane. 
[0031] Preferred among these cationically potymerizabia monomera are propene. 1 -butane, 2-butene, cycloponta- 
diene, S-ethyiidsnenorbomens, isobutyl vinyl ethen methoxystyrana^ and slyrene. One of these cationlcaity polymer- 
izable monomere copolymerizable ^ixh (ec^utene may be ueed in combination with isobutane. Vno or more of those 
cationically polymorizabio monomers may be used In combination. 

[0032] in the preeenl invention, the monomer conoenlrallon during polymerization le normal^ from 1 to 75 wt%, 
50 proforabiy from 6 to 60 wt%, more preferably from 10 to 40 wt%, most proforably from 15 to 30 wi%. If the monomer 
concentration is less than 1 wt%, the production efficiency is diaadvantageouBly reduced, though causing no troubles 
on the polymerization Itself. If the monomer concentration exceede 75 wl%, the polymerization system la a precipitation 
system, malcing It impossible to obtain a good polymer. 

[00d$] Examples of the compound reproeented by the foregoing fornrtula (1 ) of the prosont invenliori inciudo a com- 
^ pound represented by fomnula (2): 

AYa (2) 

^ wherein A represents a group having 1 to 4 aromatic rings; Y represente a group represented by formula (3): 

« -C-X (3) 

I' 

(in which and may be the same or different and each repraBsnt a hydrogen atom or a rrtongvalent hydrocarbon 
^ group having 1 to 20 carbon atome: X repreeente a halogen atom, an R^coo- group (R4 rapresente a hydrogen atom 
or an alkyl group having 1 to 5 csubon atoms) or an R^O- group (R^ represents a hydrogen atom or an alkyi group 
having 1 to 5 carbon atoms)}; and n represents an intagar of from 1 to 8; 
a compound represented by formula (4): 



ss 
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10 



IS 



£0 



26 



30 



33 



40 



4S 



SO 



wharain S reprossots a substituted or unsutsstituted hydrocarbon group having 4 to 40 carbon atomd: Z rapreddntd a 
halogen atom bonded to tertiaiy carbon atom, an R^OO- group (in which roprasonts a hydrogon atom or an alkyl 
group having 1 to 5 carbon moms) or an group (in which ropraaants a hydrogen atom or an atl<yl group having 
1 to 5 carbon atoma); and m rapresen ta an Intagar of from 1 to 4; and an oligomar having a-halostyrano unna. However, 
the present Invention is not limited to these compounds. TTiese compounds may ba uaad eingty or fn combination. 
[0034] In the compound represomed by the formula (2)» the group A having 1 to 4 aromatic rings may be either one 
produced by a condensation reaction or niay be an uncondanaod produce. Examples ot the group containing aromatic 
ringB include phenyl, biphanyl, naphthyK anlhryl, phenanihryl, pyrenyl. di- to pentavaient groups derived from thoso 
groups, and mono- lo hexavalenl groups derived from Ph-(CH2)i-Ph (in which Ph reprBBBnia a phenyl group, and 1 
roprosonts an integer of from 1 to 10). These groups having aromatic rings may be substituted by straight^hain and/ 
or branched aliphatic hydrocarbon groups having 1 to 20 carbon atoms or groups containing a functional group such 
as hydroxyl group, other group and vinyl group. 

100^ As the compound represanted by the formula (4). there may also be usod ono having a functional group other 
than Z, such as vinyl group and silyl group. 

[0036] Exampies of the oligomer having an a-hatoelyrene unit, which can ba used as the initiator/chain transfer 
agent, include oligomers of a-chlorostyrene, and oligomers obtained by the copolymerimtion of a-chbroelyreno with 
a monomer copolymoriwblo therewith. 

[0037] In the present Invention, the use of a compound having two or more halogen atoms, fHcoo groups (in which 
R* reprofients a hydrogen atom or an alKyl group having 1 to 5 carbon atoms) or Rto- groups (in which represents 
a hydrogon atom or an alkyl group having 1 to 5 carbon atoms) or a compound having a halogen atom, an R^COO- 
group or an R^ group and other reactive functional groups, from among the compounds represented by the formula 
(1), as an inHiator/chaIn transfer agent, can advantageously provide the resulting polymer with a higher funetionalftvi 
[0038] Specific examplds of the compound represented by the foregoing formula ( 1 ), which can be usually Bmployed, 
include the following compounds: 
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II * » 

I I ' 

CH3 CHi , CH3 



(n-CfiHiTl (n-CaHiTj CK3 

I I I V I I 

X-C-CHzCHaCHaCHa -C-X X-C- CHaCH2 — C- CHaCHZ-C-X 

1 ■ I I ' I I 

J I CHj CHj CHj 
25 (n-CaHi7) (n-CsHi?) 



40 



SO 



ss 



HzCaCH-CHaCH^CH^CHa-O-^^-CHj-X ^ HaCsCH-CHaCHaCHnCHa -C- X 

CHa 

as 



and 



HaCs^CH-CHaCHaCHaCHa -0-^^^C-X 



I 

CHa 

^ wherein X represents a halogen aton, an R^COO- group (in which represents a hydrogen atom or an allcyi 
group having 1 to 5 carbon atoms) or an R^- group (in which represente a hydrogen atom or an ailcyi group 
having 1 to 5 carbon atoms); and 

oligamor of a-chlorostyre>no. Howovor. tho prosont Invontlon is not limitod to these compounds. Preferred among 
these compounds are compounds such as 



CH3 CH3 
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a-i^ a-c-Q 



^CCKCH^), """" "cCI{CH,h 

I 



2S 



90 



4S 



SO 



<J^2 CH3 



Ci-C C-CI 



CHa CH, CHa 

I 1^1 
CHa CHa CHj 

HjC^CH-CHsCHaCH^CHi — 0 CHa Cj H,C=CH^CH,CH3CH2CH2 - C ^ C] 

CHa 



40 and 



n 

HaCnCH CHaCHaCHaCHa — 0 C - CI 



CHa 

CHaCOO* group-contalning compounds 6ueh as 



n S 

CH3CO — C-CH3— c-CHa— c-CHa-0— CCHa 
CHa CHj CHa 
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O CHj CH3 CH3 
II ( f I 11 

. CH3CO 

.III 

I 

CH3 

10 



0 



CHaCO ^ C C - o CCH3 ^'^^ 

^ ' C(CH3)2 OCCH3 




and CHgO gioup-contajnlng compounda even as 

25 

CH3 CH3 CHj \ 

CHa CH3 CH3 , CHa CH3 

and 

3S 

,C(CH3hOCH3 



CH3 >i 



■ C(CH3)aOCH3 

[0039] Thoso compounds aro compononts which are ueod aa initiators/chain transfor agents. These oompounds 
may be used elnsly or In admlMura In the present inventloa By conirollbng the amount ot mo$Q compounds to bo u^od, 
45 tho numbQr-avsrago molooular waight of tha resulting isobutono po]ymar can be arbitrarily predelarmined. 

[0040] In lha preaent invanlbn. the amount of the compound repreeented by tha foregoing formula (1 ) to ba usad is 
usually from 0.01 to 20% by weight, preferably from 0.1 to 10% by weight based on tha wotght of the cationicaOy 
polymerizablo monomer containing Isobutene. 

[0041] As the Lewis acid which can be used In the preeenMnvenlion, there may be used any Known motal complox 
so apan from dtalkyi afumlnlum chloride and djalKyI boron chlorjdo. in ganeral. T1CI4. BCIs. dnCl4. A)Cla. CH3CH2AICI2, 
VCIg. FeCls. ara, etc. mav be used. However, the present Invention Is not llmrtad to thoso compounds. Prof orrod among 
these Lewis acids are T\C[^ and ^i^. 

[0042] In the present invention, the Lewis acid is usually Used In en amount of from 0.1 to 100% by weight, preferably 
from 1 to 30% by weight based on the weight of the cationicaiiy polymerizabie monomer containing laobutene. if the 
amount of tha Lawls acid to be used as a catalyst component fails below 0.1% by weight a problem arises that the 
yiaid ot the product of the catlonic polymerization reaction l6 raduoed, On tha contrary, if tho amount of the Lewis acid 
oxcoads 1 00% by weight, no morlts can be obtained. 

[0043] in the present invention, the aprotic solvent free of haioganatod hydrocarbon, if used as a polymerization 
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$olvant» should have a diolQcinc constant of from not lass than 2.0 to not more than 4.0 at a temperature of 20^C. tf 
the dieleclric constani of the solvent falls below 2. a good leobutene polymer could not be obtained. (Thererora. pentane, 
hexane. etc. cannot be used ae eingle eotvent) 

[0044] Examples of the aprotjc solvent free of halogenated hydrocarbon to be used as a poTymorization solvent 
s includa butane, pentane. neopentane. hexane. cyclohexane, mathylcyclohexane. elhylGyctohexane. heptane, octane, 
benzene, toluene, xylene, and athylbenzeno. Preferred amonp thsse aprotle eolvente are toluene, hexane, and hep- 
tane. 

[0045] Examples of the mixed eoK/ent (mixing ratio (votA/ol)) include various combinations such as toluene/hexane 
(5/5 to IQ/Q). iQluane/heptanQ (S/5 to 10/0), to«uana/methylcyclohBxane (5/5 to 10/0) and loluens/Gthylcyclahoxano 

10 (5/5 to 10/0). One oi unaxpacled merits which have been made obvious in the course ot the study In the present 
invention is the fact that the use of a solvent free or haiogenated hydrocarbon makes it possible to obtain a good 
isobutene polymer even if the Olaleotric constant ot the solvent is low. A low dielectric constant system tends to show 
a small temperature rise during polymerization naaotion. Thorofore, the problem of heat removal accompanied by scal- 
ing up the reaction can bo oasily solved. 

If [0046] In the present invanilon, the aprotic solvent containing halogsnatad hydrocarbon. If used as a potymeHzatlon 
solvent, should have a dielectric constant of from not loss lhan 3.6 lo not more than 5.5 at a temperature of aO'C. 
[0047] Spocific oxamples o1 the apnslic solvent containing haiogenated hydrocarbon to be used as a polymerization 
Bolvent Include a mixture of haiogenated hydrocarbon such as methyl chloride, methylene chloride, 1 ,2-dlchlQroflthana, 
1,1-dichloroethane and chlorination product of propane, butane and pentane and hydrocarbon such as butane, pon- 

SQ tano, naopentanoi hexane* cyclohaxane* methylcyclohexane, ethylcyclohoxane, heptane, octane, benzene, toluene 
and xytene. Examples of the mixed solvent Include various combinations sudi aa methylene chlorlde/hexane, methyl 
chlorldfl/hexane, and methylene chlorida/heptane. Heretofore, If a solvent containing haloQenated hydrocarbon is used, 
the polymerizalbn has been often effected in a solvent system having a dielectric oonetani of not lees than 6. In tha 
present invention, by roductng tho dioioctrk: constant of the solvent, the polymerization rate can be controlled, making 

SS it possible to control tho tomporature rise during polymerization. 

[0040] In the present invenllon. the dielectric constant of the mbcod solvent system can be approximately calculated 
by determining the addrtive mean (arithmetic moan) of the djaiactrlc constant of tha constituents over tha mixing ratio 
of the constltuants on a weight-average basis. The dielectric constant (typical value) of varloua solvents uead for the 
calculation of the dielectric constant of the mixed solvent will be listed below. 

so [0049] Toluono: 2.24; elhylbanzane: 2.40; o-xylene: 2.27; m-xylane: 2.37; n-pantano: 1.B4; n-haxane: 1.39; n-hep- 
lano: 1»92; melhybyclohexane: 2.02; methylene chlorfdo: 7.77; methyl chloride; 12.9 

[0050] In the present Invention, the polymerization solvent te preferably froo of haiogenated hydrocarbon for the 
reason that waste water disposal laciliUee can be eimplilled. The term "solvent free of haiogenated hydrocarbon' as 
used In the present application ie nrmnt to Indicato a solvanl which may contain halogeriaied hydrocarbon to an extent 
such that no speaial treatments for haiogenated hydrocarbon In wasto water or waste solvent generated from the 
catalyst deacllvBLlon and rinsing proeotss after polymerization reaction are required 

[OOSI] In the present invention, an electron donor Is preferably used as.the component (E) to control side reactlona 
more efficiently. As the aleclron donor component there may be widely used any known etaciron donor componente 
having a donor number ot from 15 to 50. Preferred oxamples of such electnon donor componanta Includa pyrtdinos. 

4e amines, amides, and sulfoxides. 

[0052] Specific examples of the electron donor component usually Include 2.8-di-t-butylpyridino, 2-t-butylpyridinB, 
2,4,a-trimethylpyridine, 2,6.djmQthylpyridine, 2-methylpyridlne, pyridine, dlethylamina, trimethylamine. triethylamlne. 
tributylamine, diethylamino, N.N-dimethylanilino, N.N-dimethyWormamida. N.N-djmalhylacelamlde, N,N-dleihyiaceia- 
mldo, dimaihyisuiroxide, diethyl ether, methyl acetate, ethyl acotato, irlmethyl phosphate, and irianrtide hoxamethyl- 

^ phosphate. Preferred among these electron donor components are 2,6-di-t-buiylpyrIdina, 2.6-dlmathylpyrldlne, 2-melh- 
yipyridino, pyridine, diothytemine, trimaihylamlne, irlethylamlne, N.IM-dimathyllormamldB, N.N-dlmelhylacetamide, and 
dimethytsuiroxide. Picollnes are funher preferred. Particularly prelen-ed of these electron donore iso^icoiina (2-maih- 
ylpyridino). which can exert a remarKabie effect despite of tte small donor number. 

[oosa] In (he present (nvenilon, the electron donor component is usually used In an amount of from 0.01 to 10 mol, 
so preferably from 0.1 to 2 mol per mol of the group X In the compound representod by tho general formula (i ). 

[00S4] in tho present Invention, the polymerization reaction Is not spocjfically limited and can be accomplished by 
any conventional polymerization method. Among tha foregoing componente, i.e„ (A) catlonically polymerizabie mon- 
omer containing isobutene and (O) Lewis acid, a solution containing (D) a Uewis acid may be added to a solution ol 
(A) a cationically polymerizabie monomer containing isobutene in a batch process. Altemativety, a solution of (A) a 
Bs catlonicatty poiymarizeble monomer containing isobutylene may ba continuously added to a solution containing (D) a 
Lewis acid in a semi-balch process. Further, a continuous process may be employed which comprises continuously 
charging all the foregoing compononlo into the reaction system while withdrawing the reaction producl. 
[0066] In the present invention, the palymorizatlan reaction can be followed by a substitution reaction or addition 
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reaction on thd functional tdrmina) groups fonndd at tha termfnald of the polymer to procfuce an Isobutend polymdr 
having carton-carbon double bonds at tha taoninals. in other words, tho roaction of the rosultlng isobutono poiymsr. 
praTerabty ai tertiary chlorine oroup and« with a speclric end capping agent makes it easy to obtain a polymer having 
earbon^rtson double bonds at the tentilnals. In general, the functional temninal group is ohleHy a tertiary halogen 

s group. However, tho foregoing Isopropanyl group or internal olefin group nnay be inctudea 

[0066] For example, In the corwerejon of chlorine group end to carbon-oarbon double bond end by the eubsthutlon 
reaction using an aiiyl irimelhyisilane^ the desired carbon-carbon double bond end can bo easily pnddueed only by 
adding a required amount of an ally! trlmethylsiiane before the deactivation of the component (D). The reaction tem- 
perature (6 preferably as low as the polymerization tsmperaiure. Since the substitution reaction proceeds at a high rate 

10 at low tempsratures. It is usually completed ri 30 minutes. The amount of the allyl trimothylsilane to be used may bo 
from 1 .0 to 1.5 mol per mol of the group X in the componsnt (B). 11 11 Is necessary to obtain a polymer having a email 
content of carbon-carbon double bonds, the amount of the aityl trlnr^thylsilane added nnay be nol more than 1 mol per 
mol of the group X. Sines the aHyl trimethyleiiane deesnl take part in the poiymorization roaction, it may bo added to 
Ihe reaction eystsm before polymerization. 

IS 

[Reaction scheme] 
[0057] 

^ P-CCCHjjjCI -> P-CCCHgjgCHaCH-CHe 

wherein P repreeants a polymer residua. 

[OOBB] Further, in the conversion of chlor'ino group ond to carbon-carbon double bond end by the addltiori reaction 
ss using a non-conjugated diene such as 1 .0<lecadlene, the desired carbon-carbon double bond end can ba easily pro- 
duced only by adding a required amount of a non-conjugated diene before the deaclivalbn of the component (D) as 
in the case where an allyl trimethylsilano is used. The addition reaction temperature is preferably as low as the polym- 
erization temperature. The addition reaction at low temperatures Is usually completed In about 6 hours. The annount 
of the non-conjugated diene lo be used may be from 1,5 to 10.0 mol per mol of the group X in the component (B). If it 
so Is necessary to obtain a polymer having a small carbon-carbon double bond content, the reacLbn lime may be reduced. 
Alternatively, the amount of 1 ,9-decadiane added may be not more than 1 mol per mol of the group X In this system, 
a Lewis acid as the component (0) may be added, or the roaction tamperalure may ba further lowered lor the purpose 
of further reducing the addition reaction rata. 

9S [Reaction scheme] 

[0069] 

P-C(CH3)gCI P-C(CH3)2CHaCHCI(CHa)eCH«CHa 

wherein P represents a polymer residue, 

BEST MODE FOR CARRYING OUT THE INVENTION: 

45 

[0060] TTie present invention will be further described in the following examples, but the present invention should 
not be eonfttrued aa being limited thereto. 

Example 1: 

so 

[00611 In a reaction vessel were charged 276 mf of toluene, 112 mi of an Isobutene monomer 1.156 g of p-OOC 
and 0.186 g of a-pieoline. The reaction mixture was then stirred with the reaction vossol being surrounded by a dry 
ica-ethanol bath so that it was coolod to a temparatura of -70^0. A mixture of 3.d5 of TiCl^ and 4 of toluene was 
men added lo the reaction system to Initlute reaction. Alter tne completion of the reaction, the reaction solution was 
^ poured Into a large amount of water with stirring so that It was waahsd. The resulting organic phase and aqueous 
• phase were then separated from each other to remove the catalyst. Tlie organic phaea was then subjected to evapo- 
ration under reduced pressure to remove the volatile content. Thus, an isobutene polymer was otaiained The reaction 
conditions used and the properties ol the polymer thus obtained are shown In Tables l and 2 below. 
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Exampta 2: 

[0062] The air in a SOO-me rour-rtecked flask with a mroo«%uay cock was roplaeed by nitrogan. Into tho vosaal were 
charged 280 me o1 tcluana (u^ieh had been allowed lo stand with molecular sieves SA overnight or longer eo that It 

5 was dried) and 2.ai g (1 0 mmol) of p-DCC through a syringe. To the three-way eock was then oonnacted a pressure 
glass liquefied gas thief tube equipped vvith a needle valve In which 11 2 mi? ol an isotiuteno monomer had been charged. 
The polymerization vqssq) was then dipped in a -BD'C diy Ice/ethanol bath so that it was cooled. The Bystem In the 
vossal was than evacuated by a vacuum pump. The needle valve was then Opened $0 that the ieobmane monomer 
was Introduced from the liquefied gas thief tube into the polymBrization vessel Nitrogen gas was then hlroduced Into 

70 the polymerization vessel irom one ol the three ways of the cock so that the pressure of the vessel was returned, to 
normal value (atmospheric pressure). 0.186 g (2 mmol) of 2-methylpyrldlne was then charged into the polymerization 
vessel. 2.74 nrrf (25 mmol} of titanium tatrachkjrida was then added to the -BO^C monomer solution to Initiate polynrv 
erization. Whon 60 minulas passed since the Inlllailon of the reaction. 3.42 g (30 mmol) of an allyl trimethylsllane wae 
added lo the reactbn mixture. Tlie reaction mixture was further allowed to undergo reaction at a temperature of ^OTC 

IS tor 1 20 minutes. The reaction solution was then washed with 200 m^ of water four times. The solvent was then evap- 
orated lo obtain an iaobutene polymer. The reaction conditions used and the properties of the resulting polymer are 
attogether shown In Tables 1 and Z 

Example 3: 

20 

[0063] The air bi e 300-mi! four^neeked flask with a three-way oock was replacod by nitrogen. Into the veeesl were 
charged ii 2 m€ of toluene (which had been allowed to stand with molecular sieves SA overnight or longer eo that li 
was dried), 49 mf of heptane (which had been allowed to stand with molecular sieves 3A overnigm or longer so that 
It was dried), 1 .16 g (5.0 mmol) of p-DCC and 0.093 g (1 mmol) of 2-methylpyrtdina through a syringe. Tb the three- 

£S way cock was then connected a pressure glass liquefied gas Ihlef tube equipped with a needle valve in Which 56 mf 
of an isobutane monomer had been charged. The polymarizat»n vessel was then dipped in e -70" C dry ICQ/othanol 
bath so that it was cooled. The systom in the vessel was then evacuated by a vacuum pump. The needle vatve was 
then opened so that the isobutene monomer was introduced from the liquefied gas thief tube into the poymari2atlon 
vessel. Nitrogen gas was then introduced into the polymerization vessel from one ol the three ways of the cock so that 

^ the pressure ol the vessel was relumed to nonmal value, 1 .64 m« (1 5 mmol) of titanium tetrachtorido was then added 
to the monomer solution to Initiate polymarizailon. Whan 90 minutes passed sinca iho initiatkan of the reactton. 1 .15 g 
(10 mmol) of an allyl trimeihyisilano was added to the reaction mixture. The reaction mixture was further altowed to 
undergo reaction at a temperature of -lO^O tor 90 minutes. The reaction solution was then washed with 200 me of 
water four times. The solvent was then ovaporatad Jo obtain an Isobutene poiymor. Tho reactkxi conditions used and 

3S the propenles of the resulting polymer are altogether shown in Tables 1 and 2. 

Example 4: 

[0064] An Isobutene polymer was producod in the same manner as In Example 3 except than2a m^ of toluene and 
4o 32 m€ of heptane were used as solvents. The Isobutene polymer thus produced was then evaluated In the earns manner 
as in Example 3. The reaction conditions usod and the properties of tho resulting polymer are altogether shown In 

Tables 1 and 2. Example 5: 

[0065] The air in a SOO-m* four^necked flask with a three-way cock was replaced by nitrogen. Into the vessel were 
charged 255 mt of toluene (which had boon allowed lo stand with molecular sieves 3A overnight or icnger so that it 

4f was dried), 112 m€ of hexane (which had been allowed to stand with molecular sieves 3A overnight or longer so that 
it was dried) and 1.16 g (5.0 mmol) of p-DCC through a syringe. To the three-way oock was then conoactod a pressure 
glass liquefied gas thief tuba equipped with a needle vatve in which 11 2 m€ of an isobutene monomer had been charged. 
Tho polymQrizatkJn vassal was then dipped In a -TO^C diy Ica/othanol bath so that it was cooled. The system in the 
vessel was then evacuated by a vacuum pump. The needle valve was then opened so that the Isobutane monomer 

so was introduced from the llquetiGd gas thief tube Into ihe polymerization vessel. Nitrogen gas was then Introduced into 
the polymartzation vessel from one of the three ways of the cocK so that the pressure of tho vossoi was returned to 
normal value. 0. 18S g (2 mmol) of 2-methylpyrldlnB was then added to the reaction system. 7 m(? of a toluene solution 
of 2.76 n\e (25 mmol) of lilanlum tetrachloride was than added to the reaction system to initiate polymerization. When 
tho reaction was initiated. Ihe temperature rise was B,S"C, When 2 hours passed since the biklatton of the reactton^ 

ss 5.46 m^ (50 mmol) of titanium teirachlorldo and 13.63 g (100 mmol) of 1,9-decBdiene were added to the reaeilon 
system. When 6 hours passed since the addition of 1»9-d6cac£enB, the reaction solution was washed with 500 m^ of 
water four times. Tho solvent was evaporated. The resuUing isobutene polymer was then dissolved In a small amount 
ol hexane. 1 ,000 m^ of acetone was then added to the reaction solution with stirring so that the polymer separated out 
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by the pracipttatbn. Tha potymer ttiue obtained was dtssolvGd in hoxana. The volatile content was than ovaporatad to 
obtain an isabutona polymer. Tho roaction conditiona used and tha propeitldd of ihd reduitlng polymer are aftogather 
shown in Tabids 1 and 2. 

£ Example 6: 

[0066] Tha air in a 500-mf four-neckad flaak with a three-way cock was replaced by nitrogen. Into the veeeei were 
Qh^rged 120 nr)C of toluene (\K^leh had been allowed to stand wfth molecular sieves 3A overnight or longar so that it 
was dried], 54 m€ of msthylcyctohaxana (which had been alk>wed to eland with molecular eleves dA ovemlght or bnger 

10 eo that it wae dried) and 1.1 6 g (5.0 mnrtd) of p^CO through a eyringe. To tho throo-way cock was then conneciod a 
pressure glass liquofjad gas thiof tubo equipped with a needle vafva in which 56 of an fsobutena monomer had 
been charged. The polymerlzallon veseei wae then dipped in a -TCC dry ioe/ethanol bath so that it was cooled. The 
system In the vessel was then evacuated by a vacuum punp. The needle valve was thon opened so that the isobutano 
monomer was Introduced from the llquefiad gas thiof tube into tho polymenzation vessat. Nitrogen gas was then intro- 

7£ duced into the polymeri2ation vossoi from one of tha three ways o( the cock so thai the pressure of the vessel was 
returned to normal value. 0.093 g (1 mn>ol) of 2-methylpyricfine was then added to tho reactton system. 1 .65 mf (1 5.1 
mmo]) of titanium tetrachloride was then added to the roaction system to Initiate polymerization. 
[0067] When 70 minutes passed since the initiation of tha reaction, 1 ,24 g (10.8 mmol) of an ally! trimsthylsllar^e was 
added to tha reaction system. Tha reaction system was further allowed to undergo reaction al a temperature of -70°C 

^ for go minutes. The reactbn eoiutlon was then washed with 400 m/f of water four times. Tho solvent was evaporated. 
The resulting isobutene polymer was then dissolved iri a small amount of hexane. 500 m€ of acetone wae then added 
to the solution with stirring so that the polymer separated out by the precipitation. TTie polymer thus obtained was 
dissolved In hexane. The volatile content was then evaporated to obtain an laobutene polymer. The reaotbn conditiona 
used and tho properties of tho resulting polyrnar are altogether shown In Tables 1 and 2. 

9e 

Example 7: 

[0066] An laobutene polymer was produced In the same manner as In Exampto 1 except that 2B mC of an isobutene 
monomer. 0.2B9 g of p-PCC and 0.047 g of OFpioollne ware charged into the reaction system. T^e Isobutene polymer 
^ ih us produced was then evaluated In the came manner as in Example t . The reaction coridUbnB used and the propertios 
, cf the polymer thus obtained are altogether al^wn In Tables 1 and 2. The maximum lemperature rise during reaction 
wasS'C. 

Example B: 

[0069] An isobutene polymer was producsd In tha same manner as In Example 7 except that the potymerl2ation 
temperature was -50"C. The isobutono polymer thus produced was then evaluated In the same manner as in Example 
7. The reactbn conditions used and the properties of the resulting polynwr are altogether shown In Tables 1 and 2. 

40 Examples: 

[0070] An Isobutene polymer was produced In the same manner as in Example 7 except that 248 wt of toluena and 
26 of hexane were charged into the reaction vessel. The isobutene polymsr thus produced wae then evaluated In 
the same manner as In Example 7. The reaction condltbns used and the propanios of tho polymer thus obtainod arc 
4S altogether shown In Tables 1 and 2. 

Comparative Example i : 

[0071] Into a reaction vessel ware chargod 276 mi of hexane* 2B mi of en Isobutene monomer 0.280 g of p DCC 
BO and 0.047 g of a-pjcoline. The reaction mixture was then slirred with the reaction vessel being surrounded by a dry 
ioe/ethanol bath so that it was cooled to a lomporaturo of -70'C. A mixture of 7.g mt of TICLi and 4 m^ of hsxane wae 
then added to the reaction system to initiate reaction. After the completion of tha reactbn, the reaction solutbn was 
poured into a large amount of water with stirring so that it was washed. The resulting organic phase and aqueous 
phase were then separated from each other to remove tho catalyst. Tho organic phase was then subjected to evapo- 
ration under reduced pressure to remove ths vclatile content. Thus, an Isobutene potymer was obtained. Tha reaction 
conditions used and the properties of the polymer thus obtained are altogether shown In Icibtes 1 and 2 below. 
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Example 10: 

[0072] Into a reaction veesel wera charged 76 rr\e of methane dichlorido, 196 m€ of hoxane, 28 m€ of an Isobutane 
nnonomer, 0.2S9 g of p-DOC and 0.047 g of a-pico|ina. TTia raactjan mixture was then stirred wllh Ihe reaction veaeel 

6 being aurrounded by a dry loa-ethanol bath 60 that It wae cooled to a temperature of -70°C. A mtxtura of 2.95 rt)i of 
T1CI4 and 8 m€ of methane dichbrlde was then added to the reaction syBtam to initiate reaction. After the complotion 
of the reaction, the reaction solution waa poured into a large amount of water with stirring 30 that it was washed. The 
resulting organic phasa and aqueous phaae were then separated from each other to remove the eatalyet. The organic 
phase was then eublectod 10 evaporation under reduced prewuro to rsmovo tho volatilo contont. Thus, a polymer 

10 product was obtainod. The reaction conditions usad and the properties of the polymer thus obtained are altogether 
siiown in Tables 1 and 2 below. 

Example 11: 

1^ [0073] • Into a rs&ctiop vessel were charGed 56 mi of methane dichlorlde and 216 m^ of hdxand. Thd other raaction 
conditions were the same as used In Example 1 0. A solution of 3.95 m^ of a catalyst in 8 m« of haxana was then poured . 
Into the roactlon vqssoI to initiate reaction. Thus, a potymer product was obtained. The reaction conditione used and 
the propsrlies of the resulting polymer are altogether shown In Tables 1 and 2 below. The maximum temperature rise 
during reaclion was 7*C. 

eo 

Example 12: 

[0074] A reaction was effeoted In the same manner as in Example 1 0 except that 1 04 mC of methane dichlorlda and 
16B mf or hexane ware charged Into tha reaction vosoel. Thus, a polymer product was obtained. During the reaction. 
9s 9.95 g of 1 .g^acadiena was added to the raaction system to Introduce afunctional group into the poiymei; The raaeifon 
temperature was -SO^C. The reaction conditions ueed and the propertlas of the resulting polymer are altogether shown 

In Ibbles 1 and 2 bo^ow. 

[0075] The molecular weight of the polymer product and its distribution were measured by QPC analysis. As a result, 
no low majocu^r by-products were detected. The rnaxtmum lerriparature rise during reaction was 7'^C. 

50 

Comparative Example 2: 

[0076] into a reaction vessel were charged 23 m^ of methane dichlorida and 244 m£ of hoxans. The other conditions 
were tho samo as used in Exampis 10. A solution of 3.95 me of a catalyst In 6 m^ of hexane vi/as then poured into the 
as reaction vessel to initiate reaction. Thus, a polymer product was obtained. The reaction conditions used and the prop- 
erties of the resulting polymar are altogether shown in Tables 1 and 2 below. 

Comparative Example 3t 

40 [0077] A reaclion was efleclad in the same manner as In Example 1 2 except that 1 60 me of methane dichlorlde. 1 1 2 
mf of hexane and 0.578 g of p-DCG were charged into the reaction vessel. Thu3» a poiymer product was obtained. 
TTie roactlon conditions used and tha properties ot the resulting potymer are altogether shown In tables 1 and 2 below, 
TTio molecular weight of the polymor product and its distribution were measured by OPC analysis. As a result, low 
molecular by-products were detected In a molar fraction of 0.2. The maximum temperature rise during reaction was grc. 

45 

Comparative Example 4: 

[007B] A reaction was effected in the sama manner as in Comparativo Example 3 except that l BB me of methane 
dichloride and 84 me of hexane ware charged into the reaction voasol. Thus, a polymer product was obtained. The 
^ reaction conditions used and the properties of the resulling polymer are altogether shown in Tables 1 and 2 Idelow. The 
molecular weight of the polymer product and its distribution were nooasurod by QPC analysis. As a result, low molecular 
by-products ware detected in a molar fraction of 0.4. The maximum temperature rise during reaction was 10^0. 



Table 1 





Solvent (charged amount 


QiQioctric Constant 


Ntonomer Concentratbn (wt%) 


Example 1 


tojuono (276) 


2.2 


24 
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Table 1 (coitlinusd) 







Soh/enl (charged amount 


Dielectric Constant 


Monomer Concentration (wt%) 


5 


Example 2 


toluene (280) 


2,2 


24 




ExamplQ 3 


toluene (112), heplans (49) 


2.2 


36 


10 


Exampio 4 


toluono (12B], heptane (32) 


2.2 


36 




Example 5 


toluerio (262), hexane (112) 


2.2 


20 


13 


Example 6 


toluano (126), 
methyicyclohexane (54) 


22 


20 




Exampio 7 


toluene (276) 


2.2 


7 


SO 


Example 8 


toluene (276) 


2.2 


7 




Example 9 


tojuena (246), hexane (2a) 


2.2 


a 


2$ 


Exampio 10 


methylene chloride (B4). 
hexane (196) 


4.6 


' 7 




Examplo 11 


molhylena chloride (56), 
hexane (224) 


6.9 


a . 


90 


Example 12 


melhytene chloride (112), 
hoxana(16B) 


5,0 


7 


3S 


Comparative Example 1 


hexane (276) 


1.9 


9 




Comparative Example 2 


methylene chloride (28), 
hexane (252) 


3.0 


B 


40 


Comparath/a Example 3 


methylene chbrido (16B), 
haxane{li2) 


6.6 


6 




ComparalivB Example 4 


methylene chkxide (196). 
hexane (64) 


6.7 


6 



4S 



[0079] It can be seen from the requite shown In Table 1 that ExampSos 1 to 9, wherein an aprotic solvent free of 
halogenated hydrocarbon was used as a polymerisation solvent, exhibit a dielectric conetant of from not lees than 2.0 
to not more than 4.0. It can aleo be eeen that Examples 1 0 to 1 3, wherein a solvent containing halogenated hydrocarbon 
wag uBBdt exhibit a dielactric conelant ol from not lesa than 3.5 to not more than 5.6. 

so 



IS 
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Table 2 







GPC 


NMR 




Mw/Mn 


Fn(C=C)T) 


Fn{indanyl)2) 


Mn(cal) 




Example 1 




1,13 




0.16 


. 




Exampld 2 


7.200 


1,24 


1.95 


0.0 


9.100 




Example 3 


7,700 


1.3d 


2.09 


0.0 


S.700 




Example 4 


7.900 


1,32 


2.02 


0.0 


8.800 


10 


Example 5 


16.700 


1,27 


1.84 


0.0 


19,500 




Example 6 


a.eoo 


1,37 


1.90 


0.0 


9.600 




Example 7 


14.600 


1,12 




0.17 






Example 8 


14,300 


1.2 




0,1 B 




IS 


Example 9 


16.100 


1.10 




0.14 




Example 10 


16.500 


1.07 




0.11 






Example 11 


15.B00 


I.OB 




V 0.13 






Example 12 


1B,500 


1-2 


1.79 


0.17 






Comparativo Exampio 1 


1,550 


7.02 




0.B7 




20 


Comparativa Example 2 


2,060 


7.44 




0.60 






Comparative Example 3 


9.310 


1.75 




0.21 






Comparative Example 4 


9.270 


1.6 




0.26 





Not» 

1) Avar&aA W AUfflbar tit cartMA-caibon ctouMo bends Qonlnlnod In wip molMUid of leobutane polymar 
2S S) Avwago by nwmbvr 9? Imtenyl groups c6Aiain«d Irt on» vpoIbcuIa of loobutBRO pQlymor 



[0080] The rafiults in Tablo 2 show thai a eolvenl eyelem having a high monomar concontratlon tree of haloganalBd 
hydrocarbon can provide an leobulene polymer having a low Mw/Mn mlio and a high terminal functionality, 11 can be 
also seen trom the results of Comparative Example 1 that a solvent eyatem comprising haxane alona cannot provide 
a good polymar, 

INDUSTRIAL APPUCABIUTYt 

« t0061J 

) By selecting a epeclflo solvent fiyatem. ft Is mado posslblo to prevent the raeulllng polymer from being preclp- 
ilated and enhance the monomer ooncanlraljon during polymerUatlon. 

(2) 6y selecting a Gpaclflc soJvenl eyetem, II Is made poselblo to obtain a good polymor having a narrow molocular 
weight distribution and a ^ai) number of indanyl groups, 

(3) if a Botver^t free of haioganated hydrocarbor la used, no special treatments for halogenated hydrocarbon in 
waete water or waste solvent generated from the catalyst deactivation and rinsing process after polymerixalion 
reaction are required. 



Claims 

1. A process for preparing an isobutena polymer havfng functional groups at the terminals at a temperature of from 
rxn lower than -100°C to not higher than 0°C from the following componente as essential components : 

(A) a catidnically polymerizable monomer containing Isobutena; 

(B) an organic compound as an initlator/bhaln transfer agont rapresented by formula (1 ): 



£5 
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a' 



(1) 



whefdin X rspreseme a halogen atom. RO- group or RCOO- group {In which H rBpreeBnts a monovalent 
organic group); rapresonts a polyvalent aromatic group or eubetltutod or uneubstiluied polyvalant aliphatic 
10 hydrocarbon group; and may be the eame or different and each represent a hydrogen atom or subetltuted 

or unsubstituted monovalant hydrocarbon group, with the provide that whan Is a polyvalant aliphatic hy* 
drocarbon group, one of and R2 1& not a hydrogen atom; and n reproaenta an integer of from 1 lo B; 

(C) an aprotic solvent free of halogonatod hydrocarbon; and 

(D) a Lewis acid, excluding dlalkyl aluminium chloride and diall<yi boron chloride. 

IS 

wherein said component (C) axhtbils a dielectric constant o1 from not Iqbs than 2.0 lo noi more than 4.0 al a 
temperature of 20'C. 

2. A procasfi for preparing an isobutono polymer heving functional groups at tha temiinala at a lamporaturo of from 
20 not lower than -1 OO'C to nol higher than O^C from tha following componenLs ae eeeentlai componente: 

(A) a oatlonlcally polymarfzabia monomor containing leobutene; 

(B) an organic compound as an inlllator/diain transfer agant raprosanted by formula (1): 

I 



30 



4Y^^)n (I) 



wherein X represents a halogen atom, RO- group or RCOO- group (In which R repreaents a monovalent 
organic group]; represents a potyvalent aromatic group or substituted or unsubstitutod potyvalent aliphatic 
hydrocarbon group; and R2 may be the samo ordiffaront and each represeni a hydrogen atom or eubsilTuted 
3S or unsuhstitutcid monovalent hydrocarbon group, with the proviso that when ia a polyvalant aliphatic hy* 

drocarbon group, one of R^ and R^^ la not a hydrogen atom; and n repreaenla an Inleger of from 1 io 6; 
(0) an aprotic solvent containing halogenatad hydrocarbon; and 
(O) a Lewis acid, excluding dlalkyl aluminium chloride and dlalkyl boron chlorlda 

40 wherein said component (C) exhiblls a dielectric constant of from not lass than 3.5 to not more than 5.5 at a 
temperature of 20" C. 

a. The procoss for preparing an isobutene polymer (erminaled by functional groups according to Cfaim 1 or 2, wherein 
said component (Cj contains an aromatic hydrocarbon. 

4S 

4. The process for preparing an isobutene polymer tenmlnated by functional groups accorcfing lo any one of Claims 
1 to 3, wherein said componont (C) is a mixture of an aromalic hydrocarison and an aliphatic hydrocarbon. 

5. The process for preparing an isobutene polymer terminated t^y functional groups according to any one of Claims 
so 1.3 and 4, wherein said component (C) exhibits a dielectric constant of from not loss than 2.0 to not more than 

2.5 at a temparaturo of ao^C. 

6. The process for preparing an Isobutene polymer tarmlnated by functional groups according to any one of Claims 
3 to 5, wherein said aromatic hydrocarbon is selected from the group consisting of benzene, toluono, xylono and 

ss ethylbensene. 

7. Tho procoss for preparing an isobutene polymer ierminaled by functional groups according to any one of Claims 
1 to 6, wherein the concentration of said component (A) in the system is from 5 to 40 wt%. 



17 
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8. The procesd lor praparfng an ifiobutana polymar tormlnatod by functional groups ^cording to any one Claims 
1 10 7, wherein eaid component (B) is saloclod from the group conalBlIng of p-dicumyl chtorkJa. m-dlcumyl chlorWe. 
p-dicumyl methoxido, m-dlcumyl mathoxlde^ i,a,5-trlcumyl chloride and i.3.5-tricumyl methoxide^ 

s 9. Tha procaaa for preparing an Isobuiona polymar terminated by funcllonal groups according to any one of Clalme 
1 to B, wherein eaid componenl (0) Is boron trichlorida or titanium tatrachbrlde. 

10. Tha procasB for praparing an iaobulene polymer terminated by functional groups according to any one of Clainrts 
1 to 9. wherein an electron donor is further added as a component <E) In addition to said components (A) to (D). 

10 

11. A process for preparing an isobutana polymer having carbon-carbon double bonda at tha larminals, which com- 
prises adding an allyt trimathylsllana h an amount of from 0.5 lo 1 .5 mol per mol of tho group X in said componenl 
(B) before the fonnation of an isobutono poVmeriBrmlnaled by functional groups according to any one ol Claims 
1 to 10 or boforo tha deactivation of said component (D) following tho formation of said isobuten© polymer. 

IS 

12. A process for preparing an Iaobulene polymer having carton^Jarbon double bonds at Ihs terminals, Which com- 
prises adding 1 .g-decadjona in an amount of from l .5 to 1 0.0 mol per nrvol of the group X In said component (B) 
before the formation of an ieobutene polymer tanmlnatsd by functional groups according to any one of Claims 1 to 
10 or before the deaetlvatron of said component (D) lolfowing the formation of said tsobuteno polymer. 

20 

Petantansprache 

1. Verfahren 2ur Herstollung oinoe IsobutenpolymerB. das endstdndigefunktionolle Qmppen aufwelst, bel elner Tern- 
£S paratur nfcht umarhalb von -100*C bis nicht oberhalb von 0*0 aus den folgordan Komponenten ale weeentllchen 
Komponenlen: 

(A) eln kattonisch polymerisierbares Monomer, das isobutan enthfllt; 

(B) eina organlsche Verbindung als Inlljator/KettenQbertragungsreagens. dargesteilt durch die F^omiel (I) 

ao 



wobei X Bin Halogenatom, einen RO-R^ odar RCOO-Rest darstellt (wobel R elnan ainwertlgen organlsehen 
Rest danstellt); R^ einen mehrwartlgan aromatlschen Rest oder eInen substltularten oder unsubstiiuferten 
40 mehnvertigen allphallachen Kohfenwasserstoffrest darstellt; Ri und R^. die gteich oder verschleden seln kon- 

non, oin Waseerstoffatom oder oinon substltuierten oder unsubstltulerten einwertigen Kohlonwassorstolfrost 
daratallan* mil dsr l^8gabe, da6, falls R^ eln mehnA/ertigar aliphatischer Kohlenwasaeretoflrest Ist, entweder 
Ri Oder kein Waseerstoffatom ist; und n aina ganza Zahi von 1 bis 6 darstellt; 

(C) oIn aprotisches Ldsungsmittel, das Ire) von halogenlerten Kchlenwassorstoffon ist; und 

(D) eine Lewlseaure. aueganomnnen Djalkylaluminiumchlorid und Olalkylborehlorid. 

wobel die Komponente (C) etne Dieleimizitatskonstanta von nicht wentger als 2.0 ble nichi nciehr als 4.0 bei elner 
Temperatur vofi 20°C aufweist. 

so 2. Verfahren zur Hefstollung Ones (sobutenpolymers. das endstandlge funktioneUo Gruppon aufwelst bet einer Tern- 
peratur nleht unterhalb von-lOO*C bla nicht oberhalb von C'C aus den tolgendon Komponenten ale weeenillohe 
Komponenten: 

(A) eln Kallonisch polymerlelarbares Monomer das Isobuten enthait-, 
ss (B) eine organlsche Verbindung als lnlllatorA<ettenQbertragungsreagenS| dargesteilt durch die Forme! (1) 
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wobBi X Bin Habgenatom. einen RO-Rdsi od&r RCOO-Best daretollt (vvobel R einen ainwartigon organischen 
Rast darstalli); olnon mahrwertigen aromatlschen Re«t odor oinan eubsijiuiBrlen oder uneubstilulerten 

10 mehrwBrtlgen allphatlschen Kohlanwassortstoffresi darstalu; Ri und R2 dia glolch odor varschladQn sain kfin- 

nen. ein Wassarstoffatom odar elnen eubsiltuifinan odar unsubatltuierten alnwertlgan Kohlonwas&ar&toffrest 
daralellen. mil der MaUgabe, cteO, falls eln mahrwartlger allphatlsohar Kohlenwassorsloffrest ist, antwedet 
Ri Oder R^ Kein Waasorstoffatom ist; und n aina ganza Zalil von 1 bis 6 darstollt; 
(C) ain aprotischas LosungsmfUel, das hatogenlertdn Kohlonwassersloff enthdlt; und 

IS (□) aina Uawiasaura. auBgenommen Dialkyialuminlumchiarld und DIalkylborclilorid* 

Mvobel die Kompononto (C) oino DialaktrlznaisKonetante von nicht wonlgar ais 3.5 bis nicht mehr als 5.5 bei oinor 
Temperatur von 20' C aufWdlei. 

30 3. Vorf ahren zur Herstellung elnss durch funktionallo Sruppon abgeschkMoenen leobutenpolymers gamaO Anapruch 
1 odar 2. wobej Komponente (C) omen aroniallachan Kohlanwaeearsiaff enthilt. 

4. Verfahren zur Her$to||ung aiqas durch lunklionelld Gruppan abgeschlossanen laobutanpolymore gemdO oinem 
der Anspruche 1 bis 3. wobel Komponante (C) aino Mischung aus elnam aromatlsehen Kohtonwassorstoff und 

einem aliphatlBchan Kohlenwaeeeratoff ist 

B. Verfahren zur Haralallung ainae durch tunktioneiio Gruppan abgeachloseenen leobutenpolymQfs gomafl oinam 
dor Ar&prDche 1 . 3 und 4. wabal Kamponante (C) aina DielaktrlzjlStftkon&tanto von nicht weniger ala 2,0 bis nicht 
mohr als 2,5 bai ajner Tamparalur von 20°C aufwalat. 

6. Varfahran zur Harstoliung einea durch lunklionella Gruppan abgaschtoBBanon laobutenpolynier^ gamaf) ainam 
der AnaprOche 3 bte 6. wobel dar aronrtatlscha Kohlanwassersloff ausgawShIt isi aus Benzol, Toluol. Xylol, und 
Ethylbanzol. 

» 7. Varfahran zur Harstallung oinos durch funkUonolla OruppaA abgaschlossanen Isobulenpolyiridra gemaO oinam 
der AnsprQcha 1 bie 6, wobal die Konzantr^tion dar Kbrnponanla (A) tm Syetenn bai 5 bia 40 Gaw*% liogt 

8, Varfahran zur Harstallung einas durch funktbnelle Oruppan abgaschlossanen laobutanpolymora gemdf) oinam 
der AnspruchB 1 bis 7, wobal Komponente (B) ausgewahit ist aus p-Dlcumylchlorld, m-Dlcuniylehlorid. p-Dteumyl- 

40 malhoxid. m-Oicuniylmathoxid, 1 , 3,5-Tricumyk:htorid und 1 ,a,5-Trlcumylmathoxid, 

9. Verfahren zur Herstellung eines durch funklionella Gruppan abgeachloaeenan leobmanpolymars gamas einom 
dar AnaprOche 1 ble B, wobei Kompononto (P) 3ortrichlorid odar Tltantetraehlortd jat. 

4S 10. Varfahran Zur Herstellung alnas durch funktionella Gruppen abgeschloesanen laobmenpolymars gamau oinam 
dar Anspruche 1 bis 9. wobai waiteihin ein Elaktronendonor ala Komponanta (E) zua&tzlich zu den Komponenten 
(A) ble (0) 2ugegeben wird. 

11. Verfahren zur Heratellung alnea laobutanpolymars. das andBtaruJige Kohlenstofr-Kohlenetoff-Doppelblndungan 
so trSgt. umraaaand die Zugaba eInea Allyltrfmathylsliane In ainer Mange von 0,5 bt$ i ,5 Mol pro MoI das Hastes x 
In Komponente (B) vordar Erzougung etnaa durch funktionella Gruppan ^gaschlossenen Isobutenpclymara ge- 
mfiB ainem dar AnaprOche 1 bla 1 0 Oder vor der Daaktfvlargng dar Komponente (D), die der Erzeugung das {so- 
butenpoiymer&foigt. 

ss 12. Varfahran zur Herstellung einaa Isobutenpolymars. das andstSndiga KohlonaloB-Kohlenalofr-Doppolblndungen 
tragt, umfassand dia Zugaba von 1»9-DecadiBn in eher Manga von 1.5 bis 10.0 Mol pro fylol daa Restes X In 
Komponanta (B) vor dar Erzaugung oinas durch 1unklk>nelie GnJppan abgaschlossanen Isobutenpolymara gemdl) 
elnam dar AnaprOoho 1 bla 10 Oder vor dor OoaKttvierung der Komponente (D). dia dar Erzougung des Isobutan- 
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polymers folgl. 
Revondleatlona 

5 

1. Piocddd pour la prdparatjon d'un polymdre d'leobutdns prdsontant das groupee fonctionndis aux torminajaone k 
uns tomp^rature d'au moins -lOO^C d au plus 0"C k partir dea constituants sujvants on tant que constltuanta 
esBBntieie : 

10 (A) un monom6ro cation Iquenrwnt polym6risab|e contenant de I'i80but6ne ; 

(B) un eompQ&d organiquo en tant qu'lnltlateur/aganl da transfart do ehalna rapr^sentd par la formula (1) : 



IB 



r 



SQ 



dans laquQile X ropnSsante un aloma d'halogdno, un groupa PO- ou un gioupa RCOO- (dans taqiiel R rapr^- 
aento un groups organlqiw monovalent) : repr^Banta un groupa aromatlque polyvalant ou un groupa hy- 
dfocgrbond aliphaiiquo polyvalent subslltud ou non fiubstituo ; Ri et peuvont ^tra Idantlquas ou diir^rante 
8l repr^eantent chacun un aiomo d*hydrog6ne ou un groups hydrocarbond monovalent dubstltud ou non aubs- 
2B tltu^» k la condition qua lorsquo R^ est un groupe hydrocarbon^ aliphatlque polyvalent, un parmi R^ at R* n'aat 

pas un atome d*hydrog6no ; et n raprdsanto un nombra anlier do 1 d 6 ; 

(C) un 60lvant aprotlqua exempt d^ydrocarburo halog^nd ; ot 

(D) un adda da Lewis h raxcluslon du chlomro da dialkytaluminlum et du ohlomrada dialkylbora, 

30 dans lequal ledit oonatltuant (C) prdsante una eonstanta didlactrlque d*au moins 2.0 & au plus 4.0 A una tampdraturo 
do20*C. 

2. Procdd^ pour la pr<Sparation d'un polymdre d'leobutftnfl prdaontant das groupas foncijonnols aux tenninaisons k 
una lempdrature d'au moins -100°C h au plus 0*C k partir dos constltuanle eutvants an tant que constituants 
3s eaaenu'ala : 

(A) un monomdre catloniquamont polymdrlsable contenant do risobut^ne ; 

(B) un composd organiquo on tant quinlllateur/agont da transtert da cliaIhA raprAsant* par la formula (1 ): 

40 



46 



dans laquella X raprteante un atome d'halogdno, un groupe RO- ou un groupo RCOO- (dans laquel R repr^ 
so seme un groupe organiqua monovalent); R^ reprdsente un groupo aromalique polyvalent ou un groupa hy- 

drocarbond aliphatlqua polyvalent eubstltud ou non substitud ; Rt et R^ peuvem fitro idontiques ou dlirdrents 
at reprdaentent chacun un atoma d'hydrog6nB ou un groupe hydrooarbond monovalent 8Ub6tltu6 ou non subs* 
titu6, d la condition quo lorsque est un groupe hydrocaitxsnd atiphallquepolyvalant, un parmi R^ el R^ n'eat 
pas un atomo tf hydroa&ne ; et n repr^sento un nombro ontjor do 1 d 6; 
S5 (C) un solvant aprotlqua contenant un hydrocarburo tialogdnd ; et 

(D) un acids da tawls k I'oxctu^on du chlorure de dialkylatuminium et du chlorura da diallcylboro. 

dans loquol (edit conetlluant (C) prdsente una constanto didiecirlque d'au moins 3«5 k au plus 5,5 k una temperature 
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3. Procddd pour la prdparallort cCun polym^ro dlsobut^na tarmind par dee groupos fonctionnets salon la revendlcatlon 
1 ou 2, dans laquol (edit eonstituant (C) contient un hydrocarbure aromatique. 

5 

4. Procddd pour la preparation d'un polymorotfiBobul^ne larmlnd par das groupea fonclionnels eelon Pune queloon- 
que dee rovendicationfi 1 d 3, dans {equal ledit eonstituant (C) est un mdiange d'un hydrooarbure aromatiqua at 
d'un hydrocarbure atiphaliqua. 

10 5. Proc6d6 pour la pr6paration d'un polymers d'iGObutfeno termini par dea groupae lonctionnals solon I'una quelcon- 
que des rBvendicailona 1 . 3 at 4, dans laqual ledH constituanl <G) prdsente una oonstanta di^tectrlqud d'au molns 
2.0 d au plus 2,5 h una tompdrature da 20*0. 

6. Proc6d^ pour la prdparaiion d'un potymdra iaobutdna lermlnd par das groupes lonctlonnale eeton Tuna quelcon- 
iB qua dee revandlcations 3 d 5, dana laqual ladlt hydrocarbure aromatiqua eat cholai parml la bonzane* la tolu6no» 

lo xyl&no Qt rdlhylbems^a. 

7. Procddd pour la preparation d'un polym^ra d'lsobut&na tarmlnd par des groupas tonctionnala aalon I'una qualcon- 
que dee revendlcations 1 ^ 6, dans loqual la concentration dudit oonsiltuant (A) dana la ayaidme ast do 5 ft 40 % 

£0 on polds. 

8. Procad6 pour la preparation d'un polym^re d'isobut&na termini par dea groupas fonctlonnela eeton i'una quatcon* 
qua des revandlcailons 1 d 7. dans loqual ladil oonetUuani (B) eel ohoisi parml le chlorure de pHjIcumylo, le chlorure 
da m-dicumylo, lo p-dicumylmdmoKyde. le m-dlcumyl/nfilhoxydB, le chlorure do 1,3,5-tricuniylB at le 1,3,5-tricu- 

*5 rnylmfithoxyda. 

9. Precede pour la preparation d'un polym6re d'l60bui6ne temrtind par dea groupea tonctionnols solon Tune quelcon- 
que das revandicalions 1 h 8, dana laquel ladlt eonstituant (D) eat te triehloruro da bora ou le tdtrachlorura de titans. 

30 10. Procddd pour la preparation d'un polymdro d'jaobuldne lermlnd par das groupas loncUonrala salon Tuna quolcor^ 
qua dea revendlcationB 1 d 9. dans laqual un donneur d'eiactrons ast en outre ajout^ an tant que eonstituant (E) 
on plus dasdits oonstttuanta (A) k (D). 

It. Ptooede pour la preparation d'un polym^ra d'ieobutene presontanl dee doubles liaisons carbone-carbonB aux 
S3 tarmlnaisans, loqual comprend {'addition d'un allyttrimethylsilana dana una quantita de 0,5 & 1 ,5 mole par mole du 
groupe X dans ledlt conatltuant (B) avant la formallon d'un polym^ra d'jsobui^e lermlne par das groupes fonc- 
tlonnela aelon fune queloonque dos ravandlcallona t & 10 ou avant la ddsactlvatlon dudit eonstituant (D) sulvani 
la formation dudjt polvm^fa d'laobutene. 

46 12. Procede pour la preparation d*un polymers diisobutdna preaeniant des doublos liaisons carbone-carbone aux 
tarminaiaons. laquel comprend I'addrtion de l,d-decadiene dans una quanlite de 1,5 ^ 10,0 mole par mole du 
groupa X dans Jadjt consliluant (6) avant la tonmation d»un polymfere d'lsobut^a tormina par dsa groupes lonc- 
tionnols salon Tune quelconque daa revandicatlons 1 a 10 ou avant la ddsactivation dudit conatttuant (D) sulvant 
la formation dudit polymdre d'tsobut^ne. 

45 



so 



PAGE 69IS9'RCVDAT2/12/2007 5:01:11PM [Eastern Staniiard 



